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Non-Technical Summary
The aim of this paper is to construct indicators of potential growth of GDP per capita for a range of industrial countries. The paper starts with a review of findings and considerations of the theoretical and empirical growth literature in order to give motivation for the empirical analysis. After this, the empirical model and econometric approach is demonstrated. Finally, estimation results are presented.
The econometric specification is derived from an extended neoclassical growth model allowing for a non-diminishing returns to scale production function, which is a standard approach in empirical growth research. For estimation, a panel data technique that is suited for integrated annual macroeconomic panel data sets is employed. It allows to estimate longrun relationships between GDP per capita and its determinants of the underlying cross-section of 12 industrial countries. Furthermore, this approach reconciles theoretical considerations concerning common and country-specific growth factors with the econometric setup.
Furthermore, empirical results of the underlying data for the time period from 1971 to 2000 are presented and interpreted. The data set covers various subject areas like fiscal policy, monetary policy, labour markets etc. and is described in detail in the appendix. Issues presented involve results of individual and panel unit root tests and panel cointegration tests as well as estimation results of panel error correction models. An overall empirical model is presented for the underlying cross-section of 12 countries that serves as a starting point for the calculation of the indicators of potential growth. This model contains the following variables (sign of impact on growth of GDP per capita in parentheses): investment in physical capital (+), human capital (+), government consumption (-), terms of trade (-), non-cyclical unemployment rate (-), standard deviation of inflation (-) and population growth (-).
Basically, the indicators of potential growth are the values of the fitted panel error correction model excluding short-term dynamics in order to eliminate business cycle effects. Since this specification focuses on the common growth factors of the underlying cross-section, for few countries (Belgium Japan, the Netherlands and the United States) predicted growth is lower than actual on average due to neglected country-specific determinants.
Finally, further possibilities to refine and extend the empirical approach are discussed.
Introduction
There is a large body of theoretical and empirical research on economic growth since explaining cross-country growth differentials is one of the most focused questions of economics. Especially the weak growth rates of the big EU-countries during the second part of the nineties have revived public interest on this topic. The aim of this paper is not to introduce a new set of potentially growth enhancing or growth impeding variables. Instead, the existing evidence and suggestions are used and combined in a new way to calculate indicators of potential growth to evaluate the driving forces of a range of industrial countries. Moreover, this paper employs an econometric approach that has been fruitful in recent empirical research. This attempt exploits the most information out of the available data and takes the time-series properties of these data into account. Furthermore, this approach reconciles theoretical considerations concerning parameter homogeneity and heterogeneity with the econometric setup. The econometric specification is derived from an augmented neoclassical growth model allowing for a nondiminishing returns to scale production function, which is a standard approach in empirical research (e.g. Mankiw, Romer and Weil, 1992 , Islam, 1995 , Barro, 1997 . The econometric setup used in this paper goes back to Bassanini, Scarpetta and Hemmings (2001) who focus on the role of policies and institutions for growth of OECD countries. The next section reviews findings and considerations of the theoretical and empirical growth literature in order to give motivation for the used variables in the empirical part of this paper.
The proximate sources of growth
The current understanding of economic growth still dates back to the neoclassical growth model of Solow (1956) , although it has undergone changes in interpretation particularly in the light of endogenous growth theories.
Physical capital
The neoclassical model considers a production function with physical capital as the only reproducible input into the production process. The critical assumption of this model is that returns to scale to physical capital are diminishing. Therefore, investment in capital influences the level of aggregated output rather than the growth rate. Hence, in the long-run the growth rate of the economy is a function of the exogenous rate of population growth, the exogenous rate of technological change and the natural rate of capital depreciation. Even though the neoclassical model does not explain growth sustaining determinants based on economic decisions, at least it points to the most important factor: technological change.
Endogenous growth models support a broader view of capital and relax the assumption of diminishing returns to capital. The models of endogenous technological change for example incorporate knowledge as additional input to production. On the firm-level, the utilisation of knowledge in the production process still features diminishing returns to scale but generates economy-wide externalities through spill-over effects.
1 Externalities also apply to physical capital if technological innovation is embodied in new capital and improves the economy-wide adoption of new technologies. 2 For empirical applications, the accumulation of physical capital remains one of the key variables. It is usually measured as the investment share of GDP and will also be included in the empirical model of this paper.
Human capital
Another way to introduce externalities into growth models with a broad view of capital is to consider the role of human capital. Since the work of Mankiw, Romer and Weil (1992) it is a standard approach of empirical growth models to include a measure of human capital stock or a measure of its accumulation together with physical capital. This usually improves the fit of empirical models and is in line with theories emphasising the importance of education and training for growth.
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Whether the stock of human capital or its rate of accumulation matters for economic growth recently has gained attention and mainly depends on the theoretical approach. The Lucas (1988) model clearly stresses the importance of the accumulation of human capital while models of endogenous technological progress usually account for the stock of human capital. The empirical results obtained by Teles (2004) indicate that the Lucas (1988) model satisfactorily explains the growth rate of "rich" countries. Against the background of these findings the empirical part of this paper (see section 5) also uses a measure of human capital investment rather than a measure of the human capital stock since the attention is on growth determinants of "rich" industrial countries. Due to 1 See Romer (1986) , Grossman and Helpman (1991) or for models of endogenous technological change. A formal discussion of these type of endogenous growth models can be found in Durlauf and Quah (1999) . 2 E.g. De Long and Summers (1991) point to the importance of investment in equipment as a source of externalities 3 A classical reference for a model of human capital is Lucas (1988) data limitations the focus of the human capital variable will be on schooling rather than training. Therefore, just one dimension of the much broader concept of human capital will be considered. The just characterised determinants of growth make up the basic model of the empirical section. Therefore, it is straightforward to denote the following variables as wider sources of growth although one can not draw a line in the strict sense.
3 The wider sources of economic growth
Research and development
Theories of endogenous technological growth in the spirit of Romer (1986) naturally emphasise the influence of research and development (R&D) on economic growth. But as Temple (1999) points out even though there is already an overhelming microeconomic evidence for high private returns to R&D, there are some well-known problems in measuring the contribution of research to productivity growth. One reason for the difficulty to resolve research driven growth models is that the underlying concept of R&D-models (the concept of knowledge and ideas) is so hard to pin down. 4 Nevertheless, in empirical models one can try to proxy for R&D through private and public expenditures on R&D. Since international data for R&D expenditures are not available before 1980, there is limited benefit in relating these expenditures to the growth experience of countries.
Political and institutional setting
The technological level of an economy determines the productivity of the inputs to production. Besides the technological efficiency under which an economy operates there is also the political and institutional setting that affects the overall productivity of an economy. In fact most variables in recent empirical growth studies that go beyond the analysis of the proximate sources of growth belong to this category. 5 Especially two issues have obtained attention: Fiscal and monetary policy.
Inflation
Though monetary policy is usually referred to through its impact on business-cycles, there could also be an impact on the long-run growth path via investment and investment uncertainty. Traditionally, the influence of inflation on growth is analysed through considerations of the influence of monetary growth changes on the level of the physical capital stock in the context of a neoclassical growth model. Tobin (1965) argues that inflation increases the opportunity cost of holding money and therefore encourages people to invest in physical capital. Temple (2000) points out that this should not be an important consideration since money balances are usually only a small fraction of the physical capital stock and therefore this effect of inflation on capital accumulation seems negligible. The effect mentioned by Tobin (1965) can even be reversed when altering assumptions: If money has to be held prior to the purchase of capital goods, inflation is expected to lower the steady-state capital stock. 6 The effects of inflation on investment is becoming more important when considering endogenous growth theories in which returns to broad capital are constant. A possibly stronger influence of inflation on investment is carried out through the tax system: An imperfectly indexed tax system increases the user cost of capital when inflation rises since the value of depreciation allowances falls at the same time. A higher user cost of capital increases the profitability required to undertake an investment project. Therefore, there should be an overall negative impact through inflation on the accumulation of physical capital and possibly steady-state growth.
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Besides the level of inflation also its variability could be connected to investment and growth through the impact on uncertainty.
8 Arguments brought forward in this spirit are that inflation increases uncertainty and therefore introduces noise into the workings of markets. Both the level of inflation and its variation will be considered in the empirical section of this paper.
Government activity
In terms of fiscal policy the role of government in setting the economic framework in which economic growth takes place is of major concern. Many publicly financed activities are not aimed to improve economic growth in the first place. The levy of social contributions in order to redistribute resources or the public stimulation of the demand side of the 6 See Stockman (1981) for this argument 7 See Feldstein (1983) 8 See Anh and Hemmings (2000) or Temple (2000) for an overview to this topic economy in times of weak overall demand are just two examples of government activities that do not aim to raise long-run growth but do follow wider policy objectives. Countries with huge public sectors may extend activities into areas that might be more efficiently carried out by private agents leading to productivity losses on the aggregate level. On the other hand there is Wagner's law which implies that the income elasticity of demand for government is larger than unity since the scope of government increases with the level of income.
9 Therefore, in empirical investigation the observed correlation between income and government size may be positive. A priori, the expected sign of the relationship between government size and economic growth seems unclear. The variables used in the econometric analysis are real government consumption as a proportion to GDP as well as the sum of direct and indirect taxes and social contributions received by government as a proportion to GDP. Real government consumption is more than just a proxy for a special component of public spending. This variable is often perceived as an indicator of government size and the importance of the public sector in the economy.
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Moreover, the government deficit will be considered.
Taxes
In terms of the composition of public revenues it is useful to distinguish between distortionary taxes (direct taxes, e.g. taxes on income and firm profits) and taxes that are generally regarded as less distortionary (indirect taxes, taxation of goods and services). Distortionary taxes could affect the investment decision in physical and human capital of agents and hence lower growth, while non-distortionary taxes do not influence preferences of economic agents.
11 For example, if labour supply is inelastic, the intertemporal consumption path of an agent is not influenced by a consumption tax or a flat tax on labour income. Since not all taxes may be equally distorting, the tax mix is possibly an important growth determinant.
12 In this paper it will be accounted for via the taxratio variable (the proportion of total indirect taxes to total direct taxes).
9 See Fölster and Henrekson (2001) for a deeper discussion of Wagner's law and the role of government for economic growth 10 See e.g. Sachverständigenrat (2002) , pp 519 11 For further arguments see among others Widmalm (2001) , Padovano and Galli (2002) or Milesi-Ferretti and Roubini (1998) 12 See e.g. Widmalm (2001) , p. 201 for this rationale
Labour markets
Another source for influences on economic growth is the institutional design of national labour markets. Especially labour market rigidities are likely to affect the growth rate negatively because they lead to underutilisation of the human capital stock. De La Fuente (2003) notes, since the underlying theoretical models of empirical growth-studies describe the evolution of labour productivity (i.e. output per employed worker), it should be expected that the growth of income per capita will also depend on the behaviour of participation and unemployment rates. Hence the empirical model of this paper which also uses GDP per capita as independent variable will incorporate a measure for the non-cyclical unemployment rate, namely the NAWRU (Non-Accelerating Wage Rate of Unemployment), which is estimated by the OECD.
International trade
The next sphere of influence on growth to be considered is international trade. The economic literature has several arguments why engagement in international trade could be beneficial for an economy. The traditional reasoning is that trade is beneficial because of the exploitation of comparative advantages. But there are other arguments brought forward. The exposure to competition through openness or the diffusion of technology through trade can improve the economic growth of a country.
13 But trade can also be just a reflection of growth patterns in the sense that trade is endogenous to the growth progress.
14 To proxy for the trade openness of a country the share of exports and imports to GDP is used in the empirical analysis. Furthermore, to capture trade effects as a result of price advantages or disadvantages, an indicator of the terms of trade (export prices over import prices) is accounted for.
Financial markets
A special strand of the growth literature focuses on the relationship between financial market development and economic growth. Pagano (1993) gives a comprehensive overview of this issue. These theories emphasise the efficiency with regard to information processing of highly developed financial markets. Financial markets collect and distribute information concerning investment projects efficiently and allow investors to pool risks through the allocation of various financial assets. Especially concerning the funding of new technologies, stock markets seem to be 13 See Coe and Helpman (1995) for the role of trade for technological diffusion 14 See for example Baldwin (2000) superior to credit funding through the efficient allocation of information.
15
Besides the gains in overall efficiency, developed financial markets may increase the level of investments through the provision of attractive assets. The empirical literature is somewhat ambiguous about the growth enhancing properties of financial markets when considering industrial countries. 16 In this paper the traditional set of indicators to proxy for the influence of financial markets is used: The stock market capitalisation of listed companies to GDP as an indicator of relative development and size of a stock market. Furthermore, the total value of stocks traded as a fraction of GDP to proxy for stock market liquidity. Also the turnover which is defined as the ratio of stocks traded to market capitalisation is considered as a proxy for market liquidity. In order to account for the influence of credit markets the variable of total credits to the private sector over GDP is also included.
Demography
The last issue to be considered is demography and the consequences of an aging population on growth. There are different arguments why aging could influence the growth path. On the hand there are influences on the input factors to production. The relative provision of inputs is likely to change under an aging society since the relative labour force is decreasing leading to an increased capital-labour ratio. This could lead to a disinvestment of physical capital since the ratio of capital to labour needs to be adjusted leading to slower rates of GDP-growth. There could also be influences of an aging population on the rate of technological progress if innovations and technological adaptation are exacerbated by an older population which human capital is sufficiently depreciated.
17 But empirical evidence for those theories is flawed by the fact that no country has undergone the whole process of aging so far. Nevertheless, these ideas are incorporated in the empirical section through the variable of age dependency and the variable of the proportion of the population over the age of 65 to total population. Of course the just described wider sources of growth constitute by no means a complete set of growth-enhancing or growth-impeding variables. Instead this set of variables is intended to bundle the most evident record of the theoretical and empirical growth literature. A complete list of the variables used in this paper and the corresponding data sources can be found in the appendix. The next section explains the empirical model and the econometric approach.
15 See Allen and Gale (2000) 
Empirical model and econometric approach
The empirical model follows partly Bassanini, Scarpetta and Hemmings (2001) . The approach is briefly reviewed and the dynamic equation employed in the empirical testing is derived.
Derivation of steady-state dynamics
The model is derived from a standard neoclassical approach that builds around a constant returns to scale production function with three inputs (labour, physical and human capital). 18 The aggregate production function for a country is (subscripts for cross-sections are omitted due to notational convenience)
(1)
H the stock of human capital and t A the Harrod-neutral level of economic and technological efficiency. The partial elasticities of output in regard to its inputs are respectively α and β .
The dynamics of physical capital, human capital and labour are as follows 19 :
(2) 
Substituting these expressions into the production function and taking logarithms gives an equation for output per capita in steady state: progress, the rate of depreciation and the level of institutional and political efficiency. Equation (10) describes the evolution of the level of output per capita in the long-run. Observed growth rates usually include out-of-steady state dynamics that need to be accounted for in empirical application.
Time-series properties of the data: unit root tests
The panel data set in this study covers at most 23 countries over 30 23 years, whereas not all variables are observed for all 23 countries. 24 The time-series of this data set are regularly characterised by trends and non-stationarity. These properties have to be accounted for in econometric estimation. In order to test the non-stationarity of the variables individual unit root tests as well as panel unit root tests are used. On the individual level, augmented Dickey-Fuller-Tests (ADF) 25 are applied whereas for the panel tests the method of Im, Pesaran and Shin (2002, IPS hereafter) is used. The IPS-test is based on the average of (augmented) Dickey-Fuller (1979) statistics computed for each group in the panel, allowing for residual serial correlation and heterogeneity of the dynamics and error variances across groups. IPS (2002) refer to this statistic as the t-bar test. After moment adjustment of this t-bar statistic, the standardised Zt-bar is shown to converge in probability to a standard normal variate sequentially with T → ∞ , followed by N → ∞ . 26 The pair of hypothesis of the IPS-test can be stated as H rejection of the null hypothesis does not necessarily imply that the unit root null is rejected for all i, but only that the null hypothesis is rejected for 1 N N < members of the group such 23 Following Quah (1993) , this data set with great N and T can be called "data field" 24 Especially when considering variables related to fiscal policy and labour markets, the cross-section dimension reduces to 12 countries since only a subset of the member countries of the OECD report figures. See 
The test procedure however does not provide any guidance as to the magnitude of ν , in the sense that it does not allow for conclusion of the members for which the null hypothesis is rejected. Therefore, special care needs to be exercised when interpreting these results. However, individual unit root test can give guidance for the magnitude of ν . Therefore, the order of integration of the variables is assessed both on the grounds of individual and panel unit root tests.
Panel Error Correction Model (ECM) and estimation
The determination of the order of integration for the variables is important for setting up the cointegration analysis. If there is a linear combination of two or more non-stationary series that is stationary, the non-stationary time-series are said to be cointegrated. 28 This stationary combination can be interpreted as long-run equilibrium. Therefore, only the non-stationary series will enter the cointegration relationship, all stationary series will enter as exogenous variables in the estimation of the corresponding ECM. Before applying cointegration analysis, the notion of panel ECMs and the specific empirical equation used in this paper is explained. The coverage of the data allows in principle to estimate N separate regressions or N separate ECMs. But the aim here is to exploit the cross-sectional dimension of the data to gain more precise estimates of the long-run relationship. 
it k ik it k it k 0 j 4 k 0 ln y ln y a ln s a ln s a n a t a a ln V Baltagi and Griffin (1997) for example argue that the efficiency gains of pooling the data outweigh the losses from the bias induced by heterogeneity.
The first term in brackets on the right hand side of equation 11 is the long-run equilibrium of equation 10. A deterministic time trend ( i t ) is included to account for the exogenous growth of technological progress. Note that inclusion of variables in the long-run equilibrium depends on the time-series properties of the specific variables. Stationary variables will enter as exogenous variable while integrated variables will enter the long-run relationship. Lagged differences of the endogenous variables are included to capture short-run adjustment dynamics (remaining terms of equation 11). The it ε are cross-section specific error terms. The loading parameters i φ are country-specific measures of the speed of adjustment to equilibrium. These parameters can be interpreted as the velocity of how fast an economy will return to long-run growth once deviated from that path because of e.g. business-cycle movements.
Due to the logarithm-transformation, parameters of the long-run equilibrium coefficients ( 1i 2i mi a ,a ,...,a ) can be interpreted as elasticities of the respective variable with respect to output per capita. For example, the estimated elasticity of steady-state output per capita to the investment rate for country i is given by 1i a .
In growth empirics it is common to analyse just the cross-section dimension. Also, assumptions about common growth factors -at least in country-samples that share similar characteristics (western industrial countries with market economies for example) -seem to be appropriate. In terms of short-run dynamics, this assumption seems rather implausible. Pesaran, Shin and Smith (1999, PSS hereafter) propose an estimator that allows pooling the coefficients along the long-run relationship while allowing the short-run dynamics to be heterogeneous. They call this procedure Pooled Mean Group Estimation and the corresponding set of estimated parameters Pooled Mean Group Estimator (PMGE hereafter).
In terms of equation (11) 
Cointegration testing
After applying the PMGE, the estimated long-run relationship needs to be tested for cointegration. Cointegration analysis in this paper is carried out using Pedronis (1999) method to test for cointegration in heterogeneous panels with multiple regressors. Basically, this test is the panel analogue to the residual based cointegration tests in single country analysis of Engle and Granger (1987) . The advantage of the panel cointegration test is that the test statistics tend to converge to a normal distribution as the cross-section dimension increases and power usually increases as well.
The Pedroni (1999) 
Empirical results and Interpretation
First of all the results of the individual and panel unit root tests are discussed. 33 Since the data set covers many variables, only the outcomes of variables of the basic model are described in detail. 34 All other results are summarised in the appendix, table 2A. A complete list of the data set can be found in table 1A in the appendix.
Unit root test results
For individual unit root tests and for panel unit root tests, it is critical to decide whether to include deterministic regressors like a constant or trend or not since the asymptotic distribution of the test statistics is influenced by that choice. Since none of the variables variate around a zero mean, the inclusion of a constant was always appropriate. For the choice of inclusion of a deterministic time trend, this was done on grounds of a graphical inspection of the individual series: Whenever the majority of the individual series seems to follow a linear trend, a trend was included in the panel unit root test. Otherwise it was left out. Table 1 shows the results of individual ADF-tests for the log of real GDP per capita. The column denoted "Lag" gives the selected number of lagged differences included in the ADF-regression according to the modified Schwarz-criterion. 35 The ADF-regressions included a time trend. The results are clear-cut: Except for Sweden, for none of the countries the null hypothesis of a unit root can be rejected at the 5%-significance level. This finding is confirmed by the panel unit root tests (see table 2 ). On the other hand, first differences of the log of GDP per capita are stationary, confirming that this variables are integrated once. In terms of human capital, results on the individual level are not entirely clear-cut. For three countries (Australia, Denmark and Italy) the null hypothesis is rejected at the 5%-level. However, according to the panel unit root result, there is no doubt that human capital can be regarded as integrated of order one (see table 4 and 2). The panel outcome however is unambiguous. The IPS-tests refuses the null hypothesis of non-stationarity. Therefore, this time-series is modelled as stationary variable throughout the remaining empirical estimations. As mentioned before, detailed test results for the whole set of variables is skipped. Table 2A in the appendix summarises the time-series properties of the complete data set.
Estimation Results for the Panel-ECMs

Estimation results for the basic model
After determining the order of integration for the respective variables, the basic model consisting of real GDP per capita, the investment share, human capital and population growth was estimated along the lines of PSS (1999) . 36 Since Population growth is stationary, it will enter the panel ECM as exogenous variable. To account for the German reunification in 1990 and the induced level shift of GDP per capita, an impulse dummy was included as exogenous variable in the estimation. Table 6 displays the PMGE and the MGE estimation results. This estimation includes 12 countries (Austria, Belgium, Germany, Denmark, France, United Kingdom, Italy, Japan, Netherlands, Norway, Sweden and the USA). These countries have observations for all variables of the data set and make up the largest possible intersection. Even though the cross-section dimension for estimating the basic model 36 Note that except for population growth, all variables enter the estimations as logarithm 37 I am grateful to Yongcheol Shin for making a Gauss procedure available.
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could span all 23 countries, results are better comparable with the subsequent estimations of augmented growth models, which rely on smaller samples due to data availability.
Further remarks on table 6 are necessary: The first column contains the PMGE while the second contains the MGE. The Hausman-test is based on comparing these coefficients. The long-run coefficients should be obvious: These coefficients are the elasticities of output with respect to the explanatory variables of the long-run relationship. The magnitude of these elasticities is in line with the usual findings in growth regressions. What follows are the averages of the loading parameters (or error correction coefficients as denoted in the table). Note that these parameters are estimated heterogeneously. The next lines list the estimations of the short-run coefficients which are also averages of individual estimations. The Hausman-test can not reject the hypothesis of poolability of individual coefficients but rejects the hypothesis of joint poolability. The time trend is significant and also population growth is negative and significant just as one would expect from theory. (Pedroni, 1999) The cointegration tests give only limited support of the hypothesis of a long-run relationship. Only the panel ADF-statistics refuses the null hypothesis of no cointegration at a reasonable level of significance. However, Pedroni (2004) shows that the ADF-based tests perform best in small samples, as it is the case here. Therefore, whenever the cointegration tests produce conflicting results, it is advisable to base decision on these outcomes.
Estimation results for the augmented models
In the next steps, this basic empirical growth model is augmented with variables of the data set. In order to keep notation at a moderate level just the PMGE of the long-run relationship, the Hausman-test results and the cointegration test statistics are reported. Table 3A in the appendix presents these findings. The first columns contain the variable identifiers, the coefficient estimates of the PMGE and the respective t-values and the Hausman-test statistics. The last two columns display the Panel ADF-statistics and the Group-ADF-statistics to test for cointegration. Note that these statistics are asymptotically standard normal distributed. The null is no cointegration and is rejected for large negative values of the corresponding statistics.
Before going into detail, the most striking results of table 3A in the appendix should be mentioned. The elasticity of output with respect to physical capital investment emerges as relatively robust in the sense that the sign and magnitude of the estimated coefficient of the investment variable does not change considerably when altering the set of explanatory variables. Usually growth regressions are plagued by this phenomenon.
39 Florax, De Groot and Heijungs (2002) for example carry out a sensitivity analysis to test for robustness of different explanatory variables in growth regressions. According to their findings, the investment in physical capital belongs to one of the few robust determinants. The outcomes of empirical estimations in this paper confirm their results. Also the estimated magnitude of 20-30% of this elasticity is in line with findings of other surveys. 40 Relative robustness also applies to the estimated loading parameter (note that averages of these coefficients are displayed in table 3A) which is a measure of the speed of adjustment to equilibrium. According to these estimates, the average speed of equilibrium adjustment is rather fast. The coefficient estimates are in the range of -0.17 to -.50 with the majority of the estimates with a value of around -0.4. These estimates imply that on average the considered countries reduce 40% of the gap between actual and potential growth in one year once deviated from that path.
From the subject area of fiscal policy, government consumption, the overall tax quota and the tax ratio coefficient appear with a negative sign in the estimations. Cointegration is accepted according to the Group-ADF statistic for the specifications that included the tax quota and the tax ratio variable. The other specifications do not seem to explain a long-run relationship. The government deficit has a small positive coefficient in contrast to expectations but this estimated equation is not cointegrated.
Inflation and the variation of inflation affect growth negatively with a greater impact of the variation of inflation. However, there are only few signs for cointegration.
The specification including the expenditures of research and development are very likely to be cointegrated. The sign of the estimated R&D-coefficient is positive although weak in magnitude. Moreover, this coefficient varies considerable according to the implied t-statistic. Note that the number of observations for this estimated equation is limited. Data coverage is from 1981 to 2000. Interesting is that the magnitude of the human capital coefficient increases compared to the other estimations which cover the full period form 1971 to 2000. The same applies for the specifications including the financial market variables which also cover a shorter period of time. A possible explanation for this finding would be to argue that education has gained importance for economic growth during the last two decades.
Trade openness also affects growth positive but the estimated elasticity is relatively low. The coefficient of the terms of trade variable is negative meaning that countries that export their goods and service relatively expensively compared to the import prices they face do worse in terms of economic growth. This result is not surprising since the terms of trade variable seems to be rather an indicator of international trade competitiveness. A negative coefficient supports the notion that international price competitiveness is important for trade and the overall economy of a country.
Concerning the variables of the subject area of financial markets, only the coefficient of the stock market capitalisation variable has a reasonably high t-value. The magnitude of this coefficient however is limited and the specification does not seem to be cointegrated.
The estimation including the NAWRU as a proxy for labour market rigidities supports the assumption that these rigidities are growthimpeding. Although there is evidence that this relationship is cointegrated. The estimation results for the demographic variables are hard to interpret. First of all, there are conflicting results of the cointegration tests: One of the panel cointegration tests accepts the null hypothesis of no cointegration in both estimation specifications while the other test refuses. Furthermore, the coefficient of the age dependency ratio as well as the coefficient of the population over 65 variable are positive leading to a rather counter-intuitive interpretations. Since there are fundamental problems in observing the impact of aging on economic development in empirical research, one should not focus on these outcomes too much.
The homogeneity hypothesis with regard to the long-run coefficients is accepted for the majority of the estimated equations according to the Hausman-test statistics. A joint rejection for parameter homogeneity was found for the estimations including the overall tax quota, trade openness, credits to the private sector and the NAWRU. Overall, these test outcomes confirm that pooling the coefficients along the long-run dimension seems to be appropriate.
Estimation results for an overall growth model
So far isolated effects of different potential growth determinants have been analysed. To get insight into a more comprehensive pattern of growth and its underlying driving forces, an extended growth model was estimated. This model also serves as the starting point for building an indicator of potential growth in the next section. As aforementioned, typically growth regressions are plagued by insufficient parameter robustness. That is, estimated parameters usually change in sign and magnitude when changing one of the three dimensions of the estimation setup: Time period, cross-section and set of explaining variables. Especially when estimating an extended model including many explanatory variables, this issue becomes even more serious since degrees of freedom for estimation are diminishing rapidly.
In order to estimate a suitable overall model of growth based on the data set, the following modus operandi of model selection was carried out. First, the observation period from 1971 to 2000 was chosen for estimation to include as many observations per cross-section as possible. Therefore, some variables of the data set with a lack of observations were excluded due to this restriction. Second, only countries with a full coverage of all variables were considered leading to a total number of cross-sections of 12 (the same as in the estimations above).Third, the basic growth model including investment in physical and human capital and population growth was augmented with variables that had reasonable outcomes in the isolated examination of the previous estimations. The final steps of model selection were based on estimation outcomes of various different estimation setups with a special focus on the outcomes of the Hausman-tests and the Pedroni (1999) cointegration tests. Table 8 presents an overall growth model that provides reasonable results with regard to the just mentioned criteria. Besides the familiar proximate determinants of growth this model includes the logarithm of government consumption to GDP, the logarithm of the terms of trade and the logarithm of the NAWRU in the long-run relationship. Furthermore, the standard deviation of inflation enters the underlying panel ECM as exogenous regressor. The investment variable and the human capital variable enter the estimated long-run relationship with positive coefficients, while government consumption, the terms of trade, the noncyclical unemployment rate and the variation of inflation influence longrun growth of GDP per capita negatively. The individual and joint Hausman-tests can not reject the null hypothesis of poolability of the long-run coefficients. Therefore, the notion of common growth factors across industrial countries gets statistical support. panels with a limited number of observations, it is fair to assume that the estimated long-run equation characterises a homogenous long-run relationship that is valid for the countries of the cross-section. This model forms the basis for the calculation of the indicators of potential growth that will be described in the next section. 
Indicators of potential growth
The previous analysis revealed that the observed growth path of the countries can be partly attributed to a set of common growth factors. In this section an alternative calculation of indicators of potential growth derived from the estimations of the overall growth model according to table 8 is presented. Figure 1A in the appendix presents the graphs of the actual growth of GDP per capita and the fitted model to gauge how the model behaves when confronted with actual data. Generally, the model fits the data quite well. The exceptions are Japan and the Netherlands for which countries the model seems to systematically underestimate actual growth. To get an indicator of potential growth, short-run dynamics of the fitted model need to be excluded. Table 4A in the appendix displays the mean and standard deviations for the actual data, the fitted model and the fitted model excluding short-run dynamics (or the long-run cointegrated relationship plus the stationary variables). For all countries except Germany, the standard deviation of the fitted model excluding short-run dynamics is lower than the standard deviation of the actual data since the more volatile component of the estimated model is left out. 41 The means of the fitted model excluding short-run dynamics are for most countries less than the actual data. There are basically two reasons for the underestimation of growth of the long-run component of the model: First, the short-run component has a positive mean for most countries leading to a positive impact on growth. Second, growth of GDP per capita is explained by common determinants leaving out country-specific growth factors. Especially, these country-specific growth factors seem to be important for Belgium, Japan, the Netherlands and the United States for which countries the predicted long-run component is very low on average compared to the average actual growth. The United States, for instance, experienced a rapid population growth during the years 1971 to 2000 and a relatively low investment ratio of physical capital compared to the other countries of the sample leading to a low mean value of potential growth according to the empirical model. Clearly, this analysis of potential growth is limited in interpretation since it just accounts for a bounded set of determinants. For example the influence of the information and communication technologies (ICT) on productivity and growth that have recently gained special interest are not considered in this analysis. Furthermore, there are many so called "soft" growth factors like culture, quality of education or social capital that are so hard to incorporate into an econometric approach. 42 Bearing this caveat in mind, one can nonetheless draw some interesting conclusions on the policy and institutional setting of an economy in order to asses its influence on the aggregate growth of a country.
Conclusion
In this paper, an alternative for the determination of potential growth of GDP per capita was proposed. This proposal is based on an panel data approach to identify and quantify the effects of common growth factors for a sample of 12 OECD countries. The used data traces back to suggestions and evidence of the theoretical and empirical growth literature. Since the econometric panel approach relies on annual data for the underlying cross-section over a reasonable time span, not all aspects of economic growth can be considered. At least, important growth factors concerning fiscal policy, monetary policy, R&D, international trade, financial markets, labour markets and demography were analysed. The econometric approach takes the time-series properties of the data into account. For most of the time-series, individual and panel unit root tests revealed that these series are non-stationary. The identification of non-stationarities is fundamental for the subsequent cointegration framework which was carried out using PSSs (1999) panel ECM estimator and Pedronis' (1999) residual based cointegration test. The identification and quantification of growth factors involved several steps: First, a basic growth model including real GDP per capita, the investment rate in physical capital, human capital and population growth was estimated. The estimated parameters of this model are in line with what one would expect from theory and from other findings of the empirical literature. However, there was limited support of cointegration for this model. In the next step, this basic model was augmented with variables of the data set corresponding to the several subject areas. To get insight into a more comprehensive pattern of growth, an overall growth model including variables that had reasonable outcomes from the preceding isolated estimation, was estimated. This overall model included besides the basic growth factors government consumption, the NAWRU, the terms of trade and the standard deviation of inflation. The Pedroni (1999) test-statistics indicated cointegration for this model. This model also serves as a starting point for the indicators of potential growth. These indicators are calculated by using just the long-run part of the fitted model for each country. When confronted with actual data, these indicators are able to explain growth well for most of the countries. However, for some of the countries, the indicators underestimate the actual growth path. Especially for these countries (Belgium, Japan, the Netherlands and the United States) country-specific factors seemed to play an important role for growth.
There are some refinements and extensions of the econometric estimation that should be accomplished in further analysis. First, a few of the time-series of the data set are subject to breaks. It concerns especially the German data due to the reunification but also some of the human capital data that are based on school enrolment figures for various education levels since definitions of these education levels have changed over time. Taking these data breaks into account will increase the power of unit root tests and would be a natural extension of the analysis. Hassler, Demetrescu and Tarcolea (2004) propose unit root tests for panel data that allow for inclusion of structural breaks. Furthermore, their tests allow for the presence of cross-section dependence which is likely to be the case for the time-series used in this paper. A natural refinement and extension of the cointegration analysis is to test for the number of cointegration vectors à la Johansen (1988) . The Pedroni (1999) 
